CP Violation in $D^0-\overline{D^0}$Mixing by Wolfenstein, Lincoln
ar
X
iv
:h
ep
-p
h/
95
05
28
5v
1 
 1
1 
M
ay
 1
99
5
CMU-HEP95-04
DOE-ER/40682-93
CP Violation in D0 − overlineD0 Mixing
Lincoln Wolfenstein
Carnegie Mellon University
Department of Physics
Pittsburgh, PA 15213
Abstract
The existence of D0−D0 mixing at a detectable level requires new physics,
which effectively yields a ∆c = 2 superweak interaction. In general this in-
teraction may involve significant CP violation. For small values of the mixing
it may be much easier to detect the CP-violating part of the mixing than the
CP-conserving part.
D0 − D0 mixing is expected to be very small in the standard model.[1] While
quantitative estimates are difficult because of long-distance effects,[2][3] it is clear
that x (≡ ∆mD/ΓD) is well below 10
−2 whereas the present limit is .06. Future
experiments that could probe for a value of x around 10−2 would therefore be a way
of discovering new physics.
Many extensions of the standard model can lead toD0−D0 mixing with x ∼ 10−2.
Examples include models with an extra Q = 2/3 isosinglet quark[4] and the general
two Higgs doublet model (2HDM) with flavor-changing neutral exchange (FCNE).[5]
In these models it is quite natural that there is a significant CP violation associated
with the mixing. Here we point out that the study of the time dependence[6] of the
decay D0 → K+pi− is particularly sensitive to the CP-violating part of the mixing.
Indeed it may be much easier to detect D0 − D0 mixing if it has a sizeable CP
violation[7] than if it is approximately CP-conserving.
In addition to the dependence on ∆m, the time evolution of aD0 beam depends on
∆Γ. We assume here that the new physics does not affect the decays significantly and
therefore does not affect ∆Γ; rather the new physics produces an effective superweak
∆c = 2 interaction. However in the standard model ∆Γ/Γ is small[2][3] for the same
reasons as ∆m/Γ; indeed ∆Γ is just the absorptive part of the long-distance diagrams
that determine ∆m. Thus we neglect ∆Γ.
Including the effects of CP violation the CP eigenstates D1
(
≡ D0 +D0
)
and
D2
(
≡ D0 −D0
)
are related to the mass eigenstates DH and DL by
D1 = cosφDH + i sinφDL
1
D2 = i sinφDH + cosφDL (1)
The factor i is a consequence of CPT invariance when ∆Γ << ∆m just as in the
case[8] of the B0 −B0 system. Then as a function of time the state starting as a D0
evolves with time as
eτD0 (τ) = D0 cosxτ + e2iφD0 (−i sin xτ) (2)
where τ = tΓ/2.
TheD0 can decay toK+pi− via the doubly Cabibbo suppressed amplitude (DCSD)
EAeiδD where E ≃ tan2 θc ≃ .05. In contrast the allowed decay D0 has the amplitude
AeiδA . Here δA and δD are the “strong” phase shifts. It might seem obvious that
δA = δD since we are dealing with the same final state K
+pi−. This would be true if
there were only elastic scattering. In fact the phases δD and δA must be derived from
the absorptive part of the amplitudes for D0 → K+pi− and D0 → K+pi−, respectively.
These are not the same since the effective weak operators leading to these decays are
different. However, one can show that δA = δD in the SU(3) limit. By CP invariance,
which holds to a very good approximation for the weak decay assumed to be governed
by the standard model, the final state phase for D0 → K−pi+ is given by δA. By the
interchange of the quarks s and d in the effective operators and in the final state the
allowed decay amplitude D0 → K−pi+ becomes the DCSD amplitude D0 → K+pi−,
so that in this SU(3) approximation δA = δD.
With this assumption and letting xτ << 1 the decay rate has the time dependence
R
(
K+pi−
)
= e−2τA2E2
{
1 + 2 [sin (2φ)]
(
xτ
E
)
+
(
x2τ 2
E2
)}
(3)
For an initial D0 state going to K−pi+ the sign of the xτ term is reversed. We now
see that the linear term in time which is most sensitive to small values of x occurs
only in the case of CP-violating D0 − D0 mixing. For example, for xτ = .01, the
CP-violating term is of order 40% for sin 2φ = 1, whereas the quardratic term is only
4%. Of course, the CP violation can be directly detected by comparing the D0 and
D0 decays. If the quadratic term is not detected one can measure only the product
x sin 2φ, the CP-violating part of the mixing matrix and not x and sin 2φ separately.
With these assumptions it is not necessary to measure the time distribution. The
difference between the integrated rate for D0 → K+pi− and that for D0 → K−pi+
directly measures x sin 2φ and reveals both mixing and CP violation. Without our as-
sumptions, of course, this difference could be due to CP-violation in some new physics
contribution to the decay amplitude. However, whereas there are many models that
suggest D0 − D0 mixing, it is hard to find one that contributes significantly to the
decay amplitude.
The general reason that CP violation is important is that D0−D0 mixing depends
on (∆mt), or xτ , and for small values of x one is most sensitive to the linear term
in xτ . This term is odd under the change of t to −t. In the absence of “final
state interactions,” that is, of absorptive parts of diagrams, this corresponds to time
reversal. Thus once we set ∆Γ and δA− δB to zero the term proportional to xτ must
be odd with respect to CP.
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While we have discussed only the important case of Kpi decay, similar considera-
tions should hold for quasi-two-body final states with the same strangeness content.
It is also possible to determine x sin 2φ from the CP-violating asymmetry[7] between
D0 and D0 decays to CP eigenstates such as pi+pi− or K+K−. This is completely anal-
ogous to the proposed experiments in B0 physics[8] except that in the B0 case the
mixing is large and has already been determined independently of any CP violation.
While completing this paper I received a preprint by Blaylock, Seiden, and Nir[9]
emphasizing the importance of the linear term. I am indebted to Gustavo Branco
and Ritchie Patterson for discussions and to the paper of T. Liu[6] that led me to
these results. This research was supported in part by the US DOE Contract No.
DE-FG02-91ER40682.
References
[1] H. Georgi, Phys. Lett. B297, 353 (1992).
[2] L. Wolfenstein, Phys. Lett. B164, 170 (1985).
[3] J. Donoghue, E. Golowich, B. Holstein, and J. Trampetic, Phys. Rev. D33, 179
(1986).
[4] G.C. Branco, P.A. Parida, and M.N. Rebelo, preprint UWThPh-1994-51, CFIF-
1st-4/94.
[5] Y.L. Wu and L. Wolfenstein, Phys. Rev. Lett. 73, 1762 and references therein.
[6] T. Liu, Harvard preprint HUTP-94/E021, to appear in Proc. of Charm 2000
Workshop, Fermilab, June 1994.
[7] For an earlier discussion of CP violation due to D0−D0 mixing, see I.I. Bigi talk
at Tau-Charm Workshop, SLAC, May 1989.
[8] For a review see Y. Nir and H. Quinn, Ann. Rev. Nuc. Part. Sci. 42, 211 (1992).
[9] B. Blaylock, A. Seiden, and Y. Nir, preprint SCIPP 95/16, WIS 95/16/Apr-PH,
April 1995.
3
